In the first week of 1994 August, the redshifted 21-cm(H I) line emission from a new nearby spiral galaxy, Dwingeloo 1 (Dw1), was detected by the Dwingeloo Obscured Galaxy Survey using the Dwingeloo 25-m radio telecope (KraanKorteweg et al. 1994, hereafter KK94) . A snapshot observation with the Westerbrook Synthesis Radio Telescope (WSRT) quickly confirmed this H I detection to be an extended nearby galaxy. Subsequent K-band service observations by R. Tilanus, C. Aspin and T. Geballe at the UK Infrared Telescope on Hawaii revealed Dw1 to be a barred spiral galaxy. The direction and estimated distance of Dw1 lead both KK94 and Huchtmeier et al. (1995) -who independently detected Dw1 a few weeks later from observations with the Effelsberg lOO-m radio telescope -to conclude that Dw1 was a member of the IC342!Maffei 1&2 group of galaxies, the neighbouring group of galaxies to our own Local Group.
We present the results of follow-up observations of Dw1 including V-, R-and I-band photometric imaging, Hx line and continuum imaging, and optical spectroscopy, together with archive data from the IRAS Point Source Catalogue. From these observations, we derive physical parameters for Dwl. The results of 4.4 x 12 hr WSRT observations of Dw1 are presented by Burton et al. (1996) , hereafter BVKH96.
2 OBSERVATIONS 2.1 Schmidt sky surveys Dw1 appears as a faint smudge with an angular extent ~ 2 arcmin, shown in Fig. l(a) , on the red-sensitive plate E968 of the first Palomar Observatory Sky Survey (POSS I) but it is not visible on the corresponding blue-sensitive plate 0968. Hau et al. (1995) identified this feature as one of 2575 galaxy candidates from a visual examination of 12 POSS I plates of low-Galactic-latitude fields. The better resolution, higher contrast and lower flux limit ( ~ 2 mag in blue, ~ 1 mag in red: Reid et al. 1991) of the second Palomar Observatory Sky Survey (POSS II) mean that Dw1 is clearly visible on the POSS II red print Rl15, and also faintly visible on the corresponding blue print B115.
V-, R-, I-band CCD photometry with the Isaac Newton Telescope
We obtained photometric imaging of Dw1 using a 1024 x 1024 Tektronix chip mounted at the prime focus of the 2.5-m Isaac Newton Telescope (INT) at La Palma, giving an image scale of 0.59 arcsec pixel-I. These observations were carried out at our request by S. Hughes as part of the service programme of the Isaac Newton group of telescopes on 1994 August 13-14. Two exposures of 600 s each were taken in the V-, R-and I-bands, centred on the POSS I plate candidate. The seeing was 1.2-1.5 arcsec. Flat-field, bias, and standard star calibration frames were taken at the beginning and at the end of the observing run. The data were reduced with the lRAF package, and were flux-calibrated to Johnson V and Cousins R, I using the observed standard stars (from Landolt 1992) . The resulting V-, R-and I-band images shown in Figs l(b), (c) and (d) reveal Dw1 to be a barred spiral galaxy of Hubble type SBb or SBc, corresponding to a T-type of T = 4.
We used the technique of Jedrzejewski (1987) as implemented in lRAF to estimate the position angle and eccentricity of Owl. The large number of foreground stars would significantly bias the results if the full images were used to calculate photometric parameters. To reduce the effect of the stars, we rejected the 40 per cent highest pixels in each (b)
Optical observations of Dwingeloo 1 539 elliptical isophote. The best-fitting isophotes found an inclination of ; ~ 50° and a position angle of PA ~ 110°, in good agreement with the values derived from H I data: ;=51°, PA=112° (BVKH96). Note that the position angle of the bar was the same as the position angle of the major axis of the H I distribution.
Simple rejection of the high pixels is reasonable for estimating the shape of the Owl, but it would produce an extreme underestimate of the brightness of the galaxy. Hence, in estimating surface brightness profiles and magnitudes, we have attempted to mask out the foreground stars whilst leaving the underlying galaxy unaffected.
To detect the stars, we first removed all large-scale features in each image (including the galaxy itself) by subtracting a median-filtered version of the same image. A 16 x 16 pixel filter effectively removed Dw1 from the images. Next, we located the stars in each flattened image and calculated the isophotal ellipse for each star. To be selected as a star, an object was required to contain at least four pixels which were over 40' above the sky level. This criterion produced a list of stars, each one parametrized by its coordinates, isophotal area, ellipticity and position angle. Since the initial subtraction of a median-filtered frame removed all features larger than ~ 16 x 16 pixel, the brightest dozen saturated stars had to be added to this list by hand. Finally, we generated a mask which excluded all the pixels within each stellar isophotal ellipse. Since a relatively high isophote was used in the object detection and parameter calculation, then the outer wings of the brighter stars would not have been included. Thus, the area of the ellipse (c) . .
, ' .. To calculate surface brightness profiles from the masked data, we summed the intensity over the unmasked pixels in elliptical annuli with fixed position angle P A = 112° and fixed eccentricity e = sin i = 0.766. This total was divided by the total area included in the masked annulus, to give the intensity per unit area as a function of radius. The integrated magnitude was determined by summing the intensity , in unmasked pixels in elliptical annuli, and then multiplying this by the ratio of total (masked + unmasked) to unmasked pixels in order to estimate the intensity in the whole unmasked annulus. Then, by summing the intensity within all the annuli inside each radius, we produce an estimate of the integrated magnitude as a function of the radius.
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• ., ' -0 1.0-m telescope, giving an image scale of 0.7 arcsec pixel-I. Six line images with a total integration time of 180 min were taken using a zero-redshift Hx filter, together with six continuum images with a total integration time of 190 min, obtained using an Htx filter with the central wavelength shifted 140 A to the red of the zero-redshift Htx line. The frames were combined by median merging, sky subtracted, and intensity scaled to an exposure time of 1 s for reference. Note, however, that they are not photometrically calibrated. A scaled version of the continuum image was then subtracted from the line image to produce a 'net' (i.e. continuum-subtracted) line image. The scaling was chosen so as to remove the foreground stars as efficiently as possible. Unfortunately, both the continuum image and the line image have rather poor signal-to-noise ratio, and also suffer from a rather uneven point spread function owing to problems with the autoguider. This results in an imperfect removal of the foreground stars, each one leaving a small trail.
Despite these problems, H II regions can be detected by comparing the 'net' and continuum image frames. Any feature in the 'net' image associated with a feature in the continuum image must be a star. Conversely, any 'net' feature without a corresponding continuum feature must be an H II region. After an inspection of this sort, the residuals of the bright stars on the 'net' image were removed by replacing the pixels within a certain radius around each star with representative sky values, producing Fig. 4 . The radius within which the pixels were replaced varied according to the intensity of the stars. This procedure may eliminate H II regions that lie close to stars, but our inspection leads us to believe that no significant H II regions were removed.
We detect over 15 H II regions associated with Dw1 in Fig. 4 , arranged mostly along the southern arm of the galaxy, and northward of the northern arm. The distribution of these H II regions appears to show a minimum in the central regions of Dwl. This is reminiscent of the Z pattern of H II region distribution, as classified by Hodge & Kennicutt (1983) . Galaxies with a Z pattern show a doughnut-like region where most H II regions are concentrated. Interestingly, most barred spiral galaxies are of the Y pattern, where the surface density of H II regions has several maxima at different radii.
We see no asymmetry in the distribution of H II regions on either side of the bar, nor in the two halves perpendicular to the bar. Even the two brightest H II regions, which clearly stand out in Fig. 4 , are distributed almost symmetrically with respect to the bar and are in two different spiral arms, after about half a turn of the arm. This is perhaps surprising, Optical observations of Dwingeloo 1 543 given the presence of a companion galaxy at a projected distance of only 20 arcmin to the northwest of Dw1 (BVKH96).
Long-slit spectroscopy with the William Herschel Telescope
We obtained long-slit spectroscopic observations of Dw1 with the ISIS double spectrograph mounted at the Cassegrain focus of the 4.2-m William Herschel Telescope (WHT). Observations were carried out by M. Irwin on 1994 August 14-15 using time allocated within the service pro-of 0.35 arcsec pixel-I. The slit, of width 1.5 arcsec, was aligned with the major axis of the central bar of Dw1 (sky position angle 118°), then shifted 1.5 arcsec to the north to avoid a foreground star that layover the galaxy's luminosity peak. The detector format gave us spectral information for the central two arcmin of the galaxy.
Spectra were bias subtracted, flat-fielded with tungsten lamp exposures, wavelength-calibrated with Cu-Ar-Ne lamp exposures, background subtracted, and finally coadded with outlier rejection. The latter step eliminated all cosmic rays from the individual frames. The wavelength solution gave an rms of 0.2A or 9 km S-I on both arms, sufficient for the purposes of the present study. This uncertainty is the main source of error for the velocities derived from Hoc emission lines. The 1.5-h integration on each arm yielded a continuum level at the centre of the galaxy of about 32 Rhotons arcsec-I A -I at Hoc, and about 20 photons arcsec-I A -I at HfJ. We found approximately equal contributions of detector noise (four electrons) and sky photon noise.
The only spectral features seen in the spectra are between 1 and 1.5 arcsec wide. These probably correspond to H II regions along the bar. Weaker Hoc lines, without forbidden· lines, were detected at five additional regions along the slit. We believe these weak Hoc lines to trace additional H II regions along the bar. Note that none of the ten features that we have detected spectroscopically are visible on the Wise Obervatory Hoc image (Fig. 4) , and so they must correspond to relatively faint H II regions. The brighter H II regions visible in Fig. 4 would be the better candidates for further observations to determine the Hoc rotation curve of Dw1 at larger distances from the centre. Such observations could also yield an independent estimate of the uncertain foreground extinction (see Section 3) from the Hoc/HfJ ratio.
An optical rotation curve derived from fitting Gaussians to the Hoc lines is shown in Fig. 5 . The uncertainties of the derived velocities were estimated by assigning an error equal to the uncertainty in the wavelength calibration of the spectra (9 km s -I) to the velocity of the brightest H II region, and increasing the error bars for the other points according to the inverse square root of the Hoc flux. The derived rotation velocity increases roughly linearly with radius, and matches with the rotation curve further out derived from the H I aperture synthesis data (BVKH96). The recession velocity derived from the Hoc rotation curve is V LSR = 110 ± 9 km S -I, in close agreement with the systemic velocity derived from the H I observations of KK94 and BVKH96.
The blue-arm spectra show no features at any of the ten locations where we detected Hoc. We also did not detect HfJ 
[RAS data
We have examined the lRAS Point Source Catalogue (IPSC, 1988) for sources in the region of Dwl. There are no sources in the lRAS Faint Source Catalogue near to the location of Dw1 owing to its low Galactic latitude. The positions, fluxes and flux qualities for the three IPSC sources found near to the position ofDwl are given in Table  1 . Source 1 is associated with an SAO star (23710). It is only detected at 12 J.lm, which is typical for a star. Source 2 is the closest of the three sources to the position of Dwl. It is associated in the IPSC with CO source # 25 from the cata- ;:-, -c a- Blitz, Fich & Stark (1982) which is located 66 arcsec south of the IPSe source. Source 3 lies almost 3 arcmin away from the centre of Dw1, but it may still be associated with Dw1. We have used the IRAS software telescope (described by Assendorp et al. 1995) , to generate images of the sky around Dw1 from raw IRAS data. This software allows the extraction of sources which are, on average, one magnitude fainter than those in the IPSe.
We have applied the maximum entropy method of Bontekoe, Koper & Kester (1994) to the 60-and 100-l1m data. The images resulting from this analysis are shown in Figs 6(a) and (b) respectively. Sources 2 and 3 are separated at 60 11m, as expected. At 100 11m, source 2 is extended. An emission feature covers both source 2 and source 3, and there is an extension to the east from source 3. At 60 11m this extension is present at the 20-level. Assuming that both source 2 and source 3 are point sources, we estimate a 100-l1m flux of 11.3 Jy for source 2, and 4.2 Jy for source 3. The errors in these fluxes are of order 0.2 Jy, but note that they are correlated. The two fluxes should add up to the flux of the combined IPSe source flux of 15.5 Jy.
A fourth source, not listed in the IPSe, is visible on the 60-and 100-l1m images some 15 arcmin to the north-west of the centre of Dw1. This feature is coincident with a spiral arm of Dw1, but it is not clear if there is a physical correlation. Using the maximum entropy images, estimates for the fluxes can be made: respectively 0.7 and 1.0 Jy, with -30-40 per cent accuracy.
The mass of dust associated with an IRAS source may be estimated from its flux at 60 and 100 11m. We use the formula of Thuan & Sauvage (1992):
where r is the distance in Mpc, and f!Oo~m and f60~m are the 100-and 60-l1m IRAS fluxes respectively, measured in Jy. We obtain, for sources 2, 3 and 4, the following estimated dust masses: 5200 x (r/Mpc)2, 930 x (r/Mpc)2 and 10 x (r/ MpC)2 Mo respectively.
THE COLOURS AND EXTINCTION OF Dwl
From the surface brightness profiles of Dw1 (Fig. 2) it would appear that Dw1 is bluer in the centre than it is further out. Although this is rather unusual, it might be consistent with recent studies of barred spiral galaxies. Shaw et al. (1995) find a surprisingly large fraction of barred spiral galaxies (19 out of 32) to have blue nuclear bulges.
The Galactic extinction towards Dw1 can be estimated from its reddened colours. The integrated magnitudes of Dw1 (Fig. 3) give total apparent magnitudes of V= 14.0 ± 0.5, R= 12.2 ± 0.2 and 1= 10.7 ± 0.2. From these magnitudes, we find the observed (V -R) and (V -1) colours (see Table 2 ). The observed colours differ from the colours expected for an Sbc galaxy (T=4) (Buta & Williams 1995) . This difference, the reddening in each colour, is caused by Galactic extinction. Using equation (7) Table 2 .
Adopting the mean value of the (B -V) reddening of
predicts that the V-band extinction is
A v=Rv xE(B-V)=7.8±3.0, corresponding to B-band extinction of AB = lOA, using the approximate relations (AB~1.3Av~2.0AR~2.3AI) between the extinction in different bands of Mathis (1990) . Note, however, that these approximations were only tested at high Galactic latitudes. The measured Galactic H I column density towards Dw1 of NH=7.5 x 10 21 cm-2 (Burton & Hartmann 1994) , combined with extinction relations of Burstein & Heiles (1982) , yields another estimate for the extinction. KK94 estimated the Galactic extinction in the B band towards Dw1 to be AB=5.8 mag.
Another way to estimate the Galactic extinction is from the Galactic 100-l1m IRAS flux. In the direction of Dw1, this flux isf!Oo~m =53.15 MJy sr-1 . Then, using the formula given by Rowan-Robinson et al. (1991) , we find that Av=0.06 xf!Oo~m=3.2, or AB=4.3. Again, this simple formula may not be accurate at low Galactic latitudes.
The various methods for determining the extinction lead to quite different estimates. Indeed, if the extinction was as high as lOA mag, it could be argued that the galaxy should not be optically detectable at all. We will use the value of AB = 5.8 derived from H I measurements as our baseline figure, but the other two estimates must not be ignored.
THE DISTANCE OF Dwl
To calculate the distance of Dw1 using the Tully-Fisher (TF) relation, we must first correct the total apparent I and R magnitudes for any Galactic and internal extinction. The main advantages in using the TF relation in the infrared, compared with the B band, are the smaller corrections for Galactic and internal extinction, and that the I-band luminosity is a good indicator of the mass of a galaxy (and is therefore likely to improve the TF relation). The general form of TF relation can be written as where D is the distance of a galaxy (in krn S-I), m is the galaxy's apparent magnitude (corrected for internal and Galactic extinction and for K-correction), and Vrot is the maximal rotation velocity corrected for inclination (in krn S-I). The coefficients oc and f3 are calibrated empirically relative to other distant galaxies, as explained below.
We have used two different calibrations of the I-band TF relation to find the infrared Tully-Fisher (IRTF) distance to Dw1. The first relation is based on the sample of Mathewson, Ford & Buchhorn (1992, hereafter MFB) . MFB measured the I-band magnitudes and optical and H I rotation curves for 1355 spiral galaxies of types Sb-Sd, including 38 barred galaxies morphologically similar to Dw1 (SBb and SBbc). We first verified that the IRTF relation for the barred galaxies was consistent with the relation derived from the whole MFB sample. Fig. 7 demonstrates that this is indeed that case: the barred galaxies (squares) clearly follow the same TF relation as the rest of the MFB sample (dots).
MFB calibrated their IRTF relation relative to the distance to the Fornax cluster (assumed to be 1340 km S-I) via a regression on magnitudes ('forward TF'). The coefficients for their TF relation are shown in line 1 of Table 3 . The fractional error in distance is ~ 16 per cent, and the correction for a uniform Malmquist bias would increase the estimated distance by about 8 per cent (MFB). Willick et al. (1995) have re-analysed the MFB data together with other peculiar velocity surveys. They fit the data via 'forward TF' to a global Hubble flow model, producing the coefficients shown in line 2 of Table 3 . Note. References: (I) Mathewson et al. (1992) ; (2) and (3) Willick et al. (1995); (4) Courteau (1992) .
The observed total I-band magnitude (see Section 2.2) is 10.7 ± 0.2. This observed magnitude must be corrected for Galactic and internal extinction. We ignore K correction because the redshift of Dw1 is so small. The extinction in I band isA[~O.42AB (Mathis 1990) . To verify the I-band TF distance, we have also applied the R band TF relation, using the calibration of Willick (1991) from galaxies in Perseus-Pisces, and also the calibration of Courteau & Faber (described by Courteau 1992), re-calibrated by Willick et al. (1995) . These two calibrations are shown in lines 3 and 4 of Table 3 respectively.
The internal extinction in the R band is supposedly the same as in the I band, i.e. AR,int =A[,int =0.2 for Dw1 (Willick et al. 1995) . Again using AB=5.8, the R-band Galactic extinction towards Dw1 is AR = O.5AB = 2.9 (Mathis 1990) . This leads to a corrected magnitude of mR= 12.2 -2.9 -0.2=9.1. This infers distances of D~ =285 km S-I and D~=277 km S-1 (see Table 3 ).
The main uncertainty in these four distance estimates is the Galactic extinction. To emphasize this point, we have recalculated the distances using the extinction estimated from the reddened colour of Dw1 (Section 3). This gives Av=7.8, and thusAB=1O.4, AR=5.2, andA[=4.4 . In this case, both the I and R band distance estimates are smaller than before, by a factor of 2.5 in the I band, and a factor of 2.9 in the R band (see Table 3 ). If we use the extinction estimate from the lRAS 100 11m flux, then AB=4.3, and so Av=3.2, AR=2.2 and A[=1.8. This leads to larger TF distance estimates, by a factor of 1.3 in the I band and a factor of 1.4 in the R band (see Table 3 ).
DISCUSSION
We have presented detailed optical and lRAS observations of the barred spiral galaxy Dw1, discovered recently (KK94) behind the Milky Way. The properties of Dw1 derived from our images and spectra are summarized in Table 4 . A major goal of our study was to derive the distance to Dw1. The IRTF, calibrated on data from more than 1300 spiral galaxies, gives a consistent answer for both I and R bands for a fixed Galactic extinction. However, the poorly determined Galactic extinction makes it difficult to derive an accurate distance. Our best estimate for the extinction, from Galactic H I column density measurements, yields a distance of ;::::300 km S-I. Other extinction estimates, from lRAS 100-l1m Galactic emission and the reddened colours of Dw1, give distances in the range 100 to 500 km S-I. Nevertheless, the new distance estimates for Dw1 are consistent with those of other nearby galaxies that lie close to the Galactic plane (see table 1 of KK94). This supports the suggestion of KK94 that Dw1 is a member of the IC 342/Maffei 1&2 group rather than the Local Group. This is in accord with the location of Dw1 on the kinematic diagram of recession velocity V 0 against the angle between the direction of Dw1 and the solar velocity vector relative to the Local Group centroid (Sandage 1986). The IC 342/Maffei 1&2 group includes over a dozen galaxies (Schmidt & Boller 1992; Krismer, Tully & Gioia 1995) . In fact, three new possible group members have been discovered since the detection of Dw1: Dwingeloo 2, a companion of Dw1 (BVKH96), and two other galaxies in the neighbourhood of Maffei 1 (McCall & Buta 1995) .
While this group is most interesting for dynamical studies, caution is necessary when using the distance of Dw1 and its neighbours for dynamical reconstruction. The extinction at very low Galactic latitudes is still very poorly known. Future observations of nearby galaxies behind the Milky Way in the near-infrared (e.g. 211m) may provide more accurate distance estimates.
